B oronic acids and esters of boronic acids are well-known for various pharmaceutically useful biological properties [1] , in particular they are advanced inhibitors of function of proteasomes and multicatalytic protease, which is responsible for the cycling of most intracellular proteins. Protease inhibition is a new and important strategy for treating cancer. The first inhibitor of proteasomes, which has received legislative approval, is bortezomib (N-2-pyrazinecarbonyl-L-phenylalanine-Lleucineboronic acid). This pharmaceutical is intended to suppress specific molecular pathways critical to the survival of tumor cells. Today it is used to treat plasma cell myeloma and passes clinical tests for other types of cancer. Bortezomib is an inhibitor of the 20S proteasome and promotes the apoptosis of cancer cells that have lost the alternative proteasome [2] [3] [4] [5] [6] .
Structurally, bortezomib belongs to the class of peptidylboronic acids, which are organic trivalent boron compounds (sp 2 hybridization) containing one peptide substituent (one B-C bond) and two hydroxyl groups (Fig. 1) .
In the molecules of boronic acids, the principle of biomimicry [7, 8] is realized, when boron, which easily changes the state of hybridization from 3 , is an analogue of carbon in the sense of the formation of bonds, but not in the sense of reactions that are the essence of biochemical processes, namely the reactions of effective enzyme inhibitors. Peptidylboronic acids are used as peptide analogs with specific functions. It is considered that the inhibiting of proteasome by such acids occurs by the formation of covalent adducts of tetracoordinate borate with active enzyme centers. The active center, in the form of hydroxyl group of N-ended residue of threonine of catalytically active proteasome, covalently binds to the boron atom of bortezomib in the enzyme-inhibitor complex [1] , with the boron passing into the tetrahedral form, thereby simulating the corresponding tetrahedral intermediate product of amidolysis (Fig. 2) .
In addition, hydroxyl groups of boronic acids may form hydrogen bonds with other functional groups, such as histidine (Fig. 3) , which complementarily stabilize the complex [1] . As a result, bortezomib can form a stable complex with proteasome and therewith show the inhibitory effect.
In addition to the ability of boronic acids to create stable proteasomes complexes, their important property is the propensity to form supramolecular systems with polyhydroxy compounds [1, 9, 10] .
These processes are more favorable in alkaline solutions, where in the high concentration, there is four-coordinated borate ion (equation 1, Fig. 4 ). Ex- planation of the favorable thermodynamics of fourcoordinated boron ethers formation may lay in the formation of hydroxyboronate complexes with more advantageous configuration, as a result of boron rehybridization from sp 2 to sp 3 (valence angles from 120° to 109°). The formation of such kind of supramolecular systems with bortezomib can be the cause of side effects from the action of the drug.
Despite the fact that bortezomib is clinically approved pharmaceutical, studies in animals revealed its hematologic, cardiac, gastrointestinal and neurological, renal toxicity [11] [12] [13] . The main idea of the work is based on the study of possibility of antigen-specific interaction of ABO determinants with the drug in patients with plasma cell myeloma (PCM), complicated by the presence of chronic renal failure (CRF), depending on the response to treatment in order of interpretation of results of clinical researches. The paper analyzes the likelihood of complications of therapy due to the possible formation of supramolecular structures of bortezomib with carbohydrates of antigens ABO of the blood system.
materials and methods
The effectiveness of PCM therapy was analyzed in 104 patients who received treatment according to clinical protocols recommended by the resolution (number 13 03/07/2015) of the Medical Ethics Committee in the Department of Radiation Oncohematology and Stem Cells Transplantation at the Institute of Clinical Radiology at the State Institution "National Research Center for Radiation Medicine of National Academy of Medical Sciences of Ukraine". Dependence of remission duration during the stan dard polychemotherapy (PCT) was studied . The criteria for a positive response to treatment program were determined on the basis of the absence of infectious complications and decrease of the level of clinical and hematological parameters that determine the degree of CKD -urea and creatinine.
The hypothesis of the formation of bortezomib complexes with carbohydrates of antigens of blood groups is supported by the fact that the dependence of the effectiveness of its application on the carriage of phenotype of ABO was noted precisely for patients with CRF characterized by labile pH of blood serum. If necessary, some patients received drugs that reduce acidity, thereby creating a local increase in pH of the biological medium, which, in turn, may contribute to the flow of reaction 1 (Fig. 4) .
In the antigens of the blood groups A and B, the final monosaccharide is galactose N-acetyl substituted in position 2 (antigen A) and unsubstituted (antigen B). Galactose is also prefinal monosaccharide antigen O. It is known that boronic acids with high selectivity create complexes with sugars, and with galactose in particular [14] [15] [16] . The absence of substituents in the final galactose of antigen B likely makes it more available for complex formation than the galactose of antigens A and O. To verify this assumption, it was considered appropriate to investigate the possibility of formation of complex of bortezomib with galactose antigens at positions 3,4 where OH-groups are in the cis-position. For this purpose, the calculation of possible complexes with four-coordinated boron was performed (Fig. 5) . To simplify the model, the influence of the peptide part of antigens was not taken into account.
The compounds of boric acid are usually stable enough for use as pharmaceutical agents. However, bortezomib, as an alkylboronic acid, containing an atom with a lone electron pair in the β-position, is distinguished by the relative lability. The half-life of bortezomib in human plasma is 9-15 hours [8] . One of the products of its decomposition is boric acid. Boric acid, like boronic acid, tends to form complexes with diol-containing compounds. It can also lead to changes in the structure of antigens. Therefore, models of the corresponding complexes with boric acid were also included the calculation (Fig. 6) .
The calculation of energy parameters and geometry of molecular systems and complexes was carried out in the HyperChem 8.07 software package by the methods of molecular mechanics (AMBER force field) and the semi-imperial PM3 method using the Polak-Ribier algorithm (gradient 0.01 kcal/Å mol). The optimization of geometry of complexes was carried out by minimization of system energy with the change in its geometry and, as a result, with determination of the most stable conformation. The optimization of the system was carried out by minimization of the total energy of both molecules in vacuum (Е v ) and solvated systems (Е s ), in order to determine the influence of the solvent on the optimal structure. In order to simulate the behavior of complexes in aqueous solution, as in the biological system, the molecules were placed in a periodic block with water molecules. The calculations used a block in the form of a cube with a side of 18 to 25 Å depending on the size of the molecular system. In order to optimize energy, the simulation of molecular dynamics in solution (Е sd ) was also studied. The process of simulation of dynamics had three phases: heating, movement, and cooling.
results and discussion
On the basis of the preliminary distribution analysis of erythrocytic antigens of the ABO blood system in groups of examined patients with PCM, a probable (P < 0.05) increase in the carriage of phenotype B (III) in patients with CRF was established. The obtained data are confirmed by the imbalance of genetic equilibrium due to the increase of the frequency of allele I B in patients with CKD comparing to the control group. It was also found that in patients with phenotype A (II), probable (P < 0.05) duration of remission was longer. Thus, the dependence
Fig. 6. Structural formulas of model complexes of boric acid (Ba) with carbohydrate branch of blood antigens (o,A,B)
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of the course of the disease on the carriage of the AFO phenotype is shown. Affinity of drugs with antigens was estimated by change of total energy (ΔЕ) of bimolecular system (drug & antigen) as a result of change of distance between molecules from infinity to best approximation in vacuum (ΔЕ v ), in water solution (ΔЕ s ) and after modelling of molecular dynamics (ΔЕ sd ) ( Table 1 ). The calculation of energy parameters and geometry of molecular systems and complexes was carried out by the methods of molecular mechanics, (AMBER force field, gradient 0.001 kcal/Å mol). We do not provide absolute values of total energy of supramolecular systems, because its absolute value, calculated in this way applying any force field, has no real physical meaning. However, the difference in the calculated energies for two or more conformations has a physical meaning as a comparison of the relative conformational energies or differences in the conformational energies of different molecules.
Based on performed calculations, models of bimolecular systems of bortezomib and antigens were developed (Fig. 7) .
Probability of existence of supramolecular complexes bortezomib-antigen was estimated by the change of Gibbs free energy (Table 2 ) of their formation (ΔG) as per the scheme: The calculation of Gibbs free energy of complexes was carried out by the semi-imperial PM3 method. The model of the most stable complex Bb-B is shown in Fig. 8 .
T a b l e 1. Changes of total energy (ΔЕ) of drug and antigen bimolecular systems as a result of change of distance between molecules from infinity to the best approximation

Fig.8. models of stabilized Bb-B complex
The results of calculations provided in Table 1 points to the higher affinity of bortezomib to antigens in comparison with boric acid. Obviously, the formation of supramolar complexes with boric acid in general is unlikely, taking in account comparatively high values of ΔЕ sd . In addition, these values almost do not depend on the structure of the antigen, which does not correlate with the results of clinical researches. Therefore, the possibility of formation of supramolecular complexes boric acid -antigen can be ignored.
The affinity of bortezomib to antigens increases in the raw А < 0 << В (value ΔЕ decreases, Table 1 ), hich can be explained by increase of the number of hydrogen bonds between bortezomib molecule and antigen in this raw (Fig. 7) . In antigen A, a hydroxyl C3 group of galactose forms a hydrogen bond with one hydroxyl group of boronic acid. In antigen O, two hydroxyl groups of galactose (C3 and C4 positions) form two hydrogen bonds with hydroxyl groups of the drug. The galactose of antigen B forms two hydrogen bonds (C3 and C4 positions) with hydroxyl groups of bortezomib and one hydrogen bond (C2 position) with the carbonyl group of peptide substituent of bortezomib. Obviously, high affinity of bortezomib to antigen B (low value ΔЕ sd ) is the result of their complementarity.
Negative values of the change of Gibbs free energy in all complexes of bortezomib-antigen shows the principal opportunity of their formation (Table 2 ). According to the values of the change in free energy, the ability to complex formation with bortezomib varies in a number of antigens in the following way:
В1 >> O1 > А1, that is in line with the results of clinical trials.
The model of the most stable complex bortezomib-antigen Bb-B is shown in Fig. 8 . The complex is additionally stabilized by a hydrogen bond between the bortezomib free hydroxyl group and the C6 hydro xyl group of the N-Acetylgalactosamine of antigen B. The calculations did not take into account the influence of the peptide branch of the antigens, which may reveal itself in the additional stabilization of Bb-B complex, and stabilization can occur both due to hydroxyl groups of boronic acid (as shown in Fig. 3 ) and due to hydrogen bonds between functional groups of bortezomib and antigen peptide.
Calculations confirm the assumption made about the increased probability of the formation of bortezomib complexes with blood antigen of group B. It can be assumed that the reaction of complex formation with this glycoprotein forms the basis for forming a competitive relationship with the target drug reaction. Thus, in patients with a blood group in a byproduct (interaction of a bortezomib with anti-carbohydrate) energy is more advantageous than the main (inhibition of proteasome), and for patients with O and A groups, the equilibrium is shifted towards the main reaction. Since complex formation mostly takes place in alkaline medium, this fact should be taken into account when administration the drug with an alkaline reaction in patients with renal insufficiency, at least during the day after the administration of bortezomib (according to its halflife period in plasma), especially in patients with blood group B.
It should be noted that the work was performed in order to interpret the results of the clinical experience; therefore, the assumptions made in the work should be verified in subsequent clinical studies.
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